intestinal tract. 1, 2 It is among the more frequent causes of inspiratory dyspnea and stridor in cattle, and the incidence of necrotic laryngitis was estimated to be 1%-2% in United States feedlot cattle and 0.1 and 0.8% in dairy and Belgian blue beef veal calves, respectively. 2, 3 It is generally accepted that the disease begins with mechanical mucosal lesions in the larynx, which are colonized by F. necrophorum. Cattle breeds with a more narrow larynx and relatively smaller lung volume (eg, Belgian blue) develop higher air velocity at the level of the larynx, which predisposes them to mucosal lesions and subsequently necrotic laryngitis. 4 Necrotic laryngitis is frequently only detected when clinical signs of dyspnea with stridor are evident. In this more chronic disease stage, response to systemic antimicrobial and anti-inflammatory treatment is generally poor. 5 Surgical intervention is therefore often needed in these cases, and tracheotomy, 6 tracheostomy, 7, 8 laryngotomy, 9 laryngostomy, 10, 11 and tracheolaryngostomy 7 have been described, with variable outcomes.
For food animal owners, the decision to operate very much depends on the balance between the cost of surgery and the likelihood of recovery for the animal. Economic recovery implies that the animal can be slaughtered, either immediately after the antimicrobial withdrawal period or preferentially after a normal productive life as a breeding or fattening animal. To date, for practical reasons, only the short term prognosis is reported for many surgical interventions in cattle, mostly for only a relatively limited number of cases. For laryngostomy to treat necrotic laryngitis, outcome is reported until discharge, 9,10 and up to a maximum of 1 year. 11 In contrast, the lifetime prognosis, which signifies prognosis for economic harvest (slaughter) in this context, is what truly matters to the producer. Ideally, one should be able to determine the lifetime prognosis for a given animal based on predictors that could be measured upon admission for surgery. Both clinical signs and blood chemistry variables can be suitable predictors. To date, neither the lifetime prognosis nor predictors of increased mortality risk have been identified for laryngostomy to treat chronic necrotic laryngitis or for any other obstructive processes of the upper airways in cattle.
This information would make a more individualized prognosis possible, which would better serve the client in decision making about whether to operate or not.
Therefore, the objectives of our study were to determine long term survival until slaughter of cattle surgically treated for necrotic laryngitis and to identify predictors of premature mortality after surgery. Agency for the Safety of the Food chain, Torhout/Brussels, Belgium).
| M A TE RI A L S A ND M E TH ODS
The date of birth, breed, sex, whether the animal has been sold after surgery, its final destination (slaughterhouse, export or destruction facility; ie, mortality) and the date of this event were recorded. Secondary exclusion criteria after this match were wrong ear tag ID recorded on the patient record, foreign calves not registered on a Belgian cattle farm and animals for which no definitive destination could be retrieved.
After this selection procedure, the final study population (n 5 221) was obtained. Sample size calculations showed that the number of events (mortality) in the data set (n 5 78), allowed identification of a hazard ratio (HR) of 2 or 0.5 between the groups of exposed and nonexposed for the risk factor, with a 30/70 proportion of the subjects in both categories of the risk factor, with 95% confidence and 80% power.
Venous blood gas analysis and determination of sodium, potassium, calcium, chloride, and glucose (oxidase method) were performed using the same automated blood gas analyzer (Rapidpoint 405, 
. Packed cell volume (PCV) was determined by centrifugation (5588 rpm; 5 minutes). All animals were surgically treated either by laryngostomy or emergency tracheotomy and placement of a tracheotube. The laryngostomy and tracheotomy were performed as previously described. 6, 7, 10, 11 Different anesthetic protocols were used, based on the live weight of the animal. For calves < 300 kg, sedation with xylazine, epidural, and local anesthesia with procaine 4% was used most frequently. 11 Larger animals were preferentially operated under inhalation anesthesia. examination, blood gas analysis, and electrolytes are presented in Table   1 . Laryngostomy was performed in 95% (210/221) of cases and tracheotomy in only 5% of cases (11/221). Figure 4 ). The interaction between pCO 2 or TCO 2 , respectively, and age was not significant (P 5 .62). Survival for different age and pCO 2 combinations is presented in Figure 4 . Animals older than 6 months with pCO 2 below the cut-off had significantly better survival compared to the 3 other categories (Table 3) . Sensitivity, specificity, and accuracy of the model consisting of age and pCO 2 was not significantly associated with heart rate (P 5 .92), respiratory rate (P 5 .54) or potassium (P 5 .90). were cooled before surgery, the effect of hyperthermia could not be properly evaluated.
| Statistical analysis

| Survival analysis
In contrast to human and companion animal medicine, where prolongation of life is valued, in food animal medicine the focus is on having an economic return from the animal. Therefore, the decision to operate a food animal is mainly an economic one, carefully balancing the cost of the surgery against the possible production value of the animal in the event of survival. Our study found a survival rate of 65.2%.
These results are comparable with reported survival rates of 58% and 60% in previous studies with identical surgical technique on 130 11 and 35 10 Belgian blue animals, respectively. The follow-up time in these studies ranged between 5 months and 1 year. In our study, the majority of mortalities appeared immediately after surgery or few weeks later.
Therefore, the available short term prognosis after surgical intervention provides a reasonable estimate of the long term outcome of laryngostomy. However, a follow-up period of 1 year would still suggest that approximately 14% of the mortalities are missed. The prognosis was comparable to that of orthopedic surgery procedures such as internal fixation of long bone fractures in newborns (64%, 58 cases) 13 or external fixation of tibial fractures (64%, 55 cases). 14 It was better than resection of an intussusception (43%, 46 cases), 15 but worse than umbilical surgery (85%, 34 cases) 16 were not significant predictors. Laryngoscopy has been recommended to confirm necrotic laryngitis, but its prognostic value for long term mortality has not been documented. In our study, no prognostic value could be attributed to the laryngoscopic findings. Possibly, the fact that all cases were judged as chronic and untreatable by the referring veterinarian may have created a subpopulation with severe lesions.
Arterial blood gas analysis and pO 2 determination traditionally have been recommended to evaluate acid-base disturbances in dyspneic persons, but with the exception of pO 2 , a good correlation between arterial and venous parameters exists in healthy subjects, and repeatability is good for pCO 2 . 17,18 Arterial pCO 2 has been associated with mortality in cases of exacerbation of chronic obstructive pulmonary disease in humans. 19 Venous blood is much more accessible, especially in cattle in which arterial puncture is not easy in unsedated animals. In our study, all blood test results influenced by respiratory acidosis (eg, pCO 2 , pO 2 , TCO 2 , base excess, pH, potassium) were univariably associated with survival, but pCO 2 and TCO 2 were the best predictors. Increased pCO 2 signifies impaired ventilation and in response to hypercapnia, respiratory rate is increased. However, in our study no positive association between pCO 2 and respiratory rate was found. Most likely, because of the chronic nature of the disease, respiratory muscle fatigue was present, resulting in CO 2 retention. 20 The observed positive association between venous pCO 2 and PCV could be a consequence of dehydration or chronic hypoxia in severely ill animals, but most likely was a consequence of chronic hypoxia
Venous pCO 2 on hospital admission also has been identified as a predictive factor for mortality in calves with respiratory distress syndrome (surfactant deficiency). 21 Interestingly, the cut-off to optimally distinguish survivors from nonsurvivors in that calf study was 63.5 mm Hg, which is similar to the 64.5 mm Hg found in our study. However, the survival graphs of our study clearly show that pCO 2 and TCO 2 appear to influence survival in the long term (> 1 year postoperative).
Unfortunately, no comparative information on the use of venous pCO 2 22 Total CO 2 has been suggested to be a better outcome predictor in the critically ill because it combines the respiratory and metabolic components and is less variable in nature than other blood gas parameters. 17 Given that pCO 2 also was a significant predictor, the respiratory component of the acid-base disorder appears predictive in these cases of necrotic laryngitis. Possible explanations for the poor long term outcome in these cases of necrotic laryngitis with high pCO 2 , TCO 2 , or both might be the presence of underlying pneumonia or other masked cardiopulmonary condition, persisting functional upper airway obstruction, or advanced respiratory muscle fatigue. No highly specific diagnostic tools such as thoracic ultrasonography 23 were used in our study to confirm underlying pneumonia or cardiovascular abnormality.
Our study showed that either model (pCO 2 with age or TCO 2 with age) can be useful in a clinical setting. Both models lack sensitivity, resulting in many false negatives. In contrast, they are quite specific predictors, resulting in <15% false positives, with TCO 2 performing slightly better on specificity. Venous pCO 2 already is an easily accessible prognostic parameter in a hospital setting, but availability of better priced portable blood gas analyzers might enable the use of this parameter on the farm. Recent evaluation of a portable device showed reliable results for pCO 2 , but not for TCO 2 . 24 Becasue calculated and measured TCO 2 generally correlate well, manually calculating TCO 2 for these devices might be an alternative. 12 Predictors for a given outcome can be identified on 1 dataset, but should be externally validated on a second dataset in order to determine their true predictive value in practice. 25 Given the relatively rare nature of the studied disease, we currently did not have a sufficiently large dataset of new cases at our disposition. Therefore, the reported sensitivity and specificity of pCO 2 or TCO 2 and age as survival predictors is provisional and confirmation on another dataset is advisable. Model accuracy might be improved in the future by studying predictors for the main identified mortality causes (eg, aspiration pneumonia, suffocation, and breathing stoma closure) or by including additional blood parameters (eg, lactate or cardiac biomarkers). 21, 26 With these models, high-risk patients can be identified, and measures to normalize pCO 2 before (eg, tracheotomy, treatment of underlying cardiopulmonary disease) and after (eg, wound care, and treatment of underlying cardiopulmonary disease) surgery can be taken to increase survival chances. Timely recognition of the disease and recognition of its severity by laryngoscopy are advisable to avoid animals being admitted for surgery in a hypercapnic state.
In conclusion, our study identified the value of connecting national cattle registration data with hospital records to determine the economically important lifetime prognosis of a disease or treatment. The prognosis of laryngostomy to treat chronic necrotic laryngitis in cattle can be regarded as fair. Age and venous pCO 2 or TCO 2 were identified as predictors of mortality and can be used by veterinarians to correctly inform cattle owners and identify animals in need of more intensive preoperative and postoperative care.
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